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Abstract 
A calorimetric gas sensor is presented for the monitoring of gas-phase H2O2 at elevated temperature during sterilization processes 
in aseptic food industry. The sensor consists of two temperature-sensitive thin-film resistances built up on a polyimide foil with a 
thickness of 25 μm, which are passivated with a layer of SU-8 photo resist and catalytically activated with manganese(IV) oxide. 
Instead of an active heating structure, the calorimetric sensor utilizes the elevated temperature of an evaporated H2O2 aerosol. In 
an experimental set-up, the sensor has shown a sensitivity of 4.78 °C/(% v/v) in a H2O2 concentration range of 0 to 10% v/v at an 
evaporation temperature of 240 °C. Furthermore, the sensor possesses the same, unchanged sensor signal even at varied 
evaporation temperatures of the gas stream. The sensor characterization demonstrates the suitability of the calorimetric gas sensor 
for monitoring the efficiency of sterilization processes. 
© 2009 Published by Elsevier Ltd. 
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1. Introduction and Motivation 
In aseptic filling systems for foods, the sterilization of packages is the essential process for achieving a long shelf 
life of filled products and avoiding the transmission of pathogenic microorganisms, especially for perishable foods, 
like milk and fruit juice [1,2]. Among the variety of physical, thermal and chemical methods, hydrogen peroxide has 
become the most significant sterilization agent for carton packages in the last decades. For a sufficient sterilization 
effect at low exposure time, the packages have to be treated by hydrogen peroxide in combination with heat. Four 
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procedures are predominantly established [3]: (i) carton packages are treated by a tempered hydrogen peroxide 
solution (dipping path); (ii) hot hydrogen peroxide aerosol is sprayed on the inner surface of packages; (iii) cold 
hydrogen peroxide aerosol is sprayed into packages, which have been heat-treated (>120 °C) before to gain a phase 
change (liquid/gaseous); (iv) hydrogen peroxide solution, which has been vaporized (>250 °C), is streamed into the 
food packages. Procedures (iii) and (iv) have the advantages that the exposure time can be enormously reduced 
(<2 s) and gaseous H2O2 decomposes quickly in to water vapor and oxygen, so that no residues linger in the 
packages and can reach the filled products. In both cases, the sterilization effect primarily depends on the present 
H2O2 concentration on the inner surface of the packages. For monitoring the sterilization process with gaseous 
hydrogen peroxide inline, a calorimetric H2O2 gas sensor based on polyimide has been realized in the present work. 
The sensor has to operate under harsh ambient conditions (H2O2 concentration up to 10% v/v, gas-flow rate of 
10 m³/h, gas temperature up to 250 °C and elevated humidity of the gas stream).  
2. Calorimetric gas sensor 
The calorimetric gas sensor consists of a chip-based differential set-up of a catalytically activated and a 
passivated temperature-sensitive thin-film resistance, introduced in [4,5]. If the calorimetric gas sensor is exposed in 
H2O2 atmosphere, a temperature difference between the activated and passivated resistance can be detected that is 
caused by the exothermal decomposition of hydrogen peroxide on the catalytic surface. In place of an active heating 
structure, the sensor utilizes the elevated temperature of the sterilization process.  
As sensor substrate, a polyimide foil (Kapton® HN from DuPontTM) with a thickness of 25 μm instead of 
conventional silicon was envisaged due to its expedient thermal and chemical properties (low thermal conductivity 
and thermal endurance up to 400 °C, ample resistance to hydrogen peroxide and to elevated humidity). Platinum 
with a thickness of 200 nm was deposited and photolithographically patterned as meander-shaped thin-film 
resistances on the polyimide foil (s. Fig. 1(a)). The width of the meander-shaped paths is 40 μm and the area of one 
thin-film resistance amounts to be 1.0 mm² that results in a theoretical resistance value of 200 Ω at room 
temperature. The sensor was afterwards passivated with SU-8 photo resist, which is stable up to 350 °C as well as in 
highly concentrated H2O2 atmosphere, and catalytically activated with a dispersion of manganese(IV) oxide (s. 
Fig. 1(b)). The reaction mechanisms of the H2O2 decomposition on the catalyst involves two pathways: i) a redox 
reaction with electron exchange with the catalytic surface creating free hydroxyl radicals, and ii) a chain reaction 
between free radicals and hydrogen peroxide in which the final products, namely water and oxygen, are formed and 
reaction heat is released [6,7].  
Fig. 1. Calorimetric gas sensor on polyimide foil; (a) fabricated thin-film resistances with contact pads on polyimide; (b) thin-film resistances 
with SU-8 photo resist as passivation film and manganese(IV) oxide as catalytically active layer (chip size: 10 x 10 mm²). 
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3. Sensor characterization 
In an experimental set-up for simulating sterilization processes with vaporized hydrogen peroxide [5,8], the 
calorimetric gas sensor was calibrated at H2O2 concentrations between 0 and 10% v/v and at a constant evaporation 
temperature of 240 °C, which leads to a heating temperature of about 140 °C on the sensor surface, utilizing a gas-
flow rate of 10 m³/h (s. Fig. 2(a)). The sensor device possesses a sensitivity of 4.78 °C/(% v/v) and a low offset of  
-0.35 °C (s. Fig. 2(b)). In addition, the influence of the evaporation temperature and gas-flow rate on the response 
behavior of the calorimetric gas sensor was determined at various H2O2 concentrations. No change in the sensor 
signal (ΔTsignal) was observed between the evaporation temperatures of 210, 240 and 270 °C, in spite of a difference 
in the heating temperature on the sensor surface. During the sensor characterization at various gas-flow rates (8, 10 
and 12 m³/h), only at a low flow rate of 8 m³/h a decreased sensor signal (ΔTsignal) of 14% compared to the signal at 
high flow rates of 10 and 12 m³/h, respectively, was detected. 
Fig. 2. Sensor calibration; (a) absolute temperature of active and passive sensor segment as well as the temperature difference of both at various 
H2O2 concentrations between 0 and 10% v/v (evaporation temperature: 240 °C, gas-flow rate: 10 m³/h); (b) characteristic calibration curve of the 
calorimetric sensor. 
266 P. Kirchner et al. / Procedia Engineering 5 (2010) 264–267
4 Author name / Procedia Engineering 00 (2010) 000–000 
4. Conclusions 
A novel calorimetric gas sensor built-up as differential set-up of an activated and reference thin-film resistance 
has been successfully realized for the detection of high H2O2 concentrations up to 10% v/v at elevated temperatures 
in sterilization processes of packages in aseptic filling rigs. A thin and flexible polyimide foil serves as sensor 
substrate due to its appropriate thermal and chemical robustness as well as its low thermal conductivity to avoid a 
heat transfer from the active to the reference sensor segment during the exothermal H2O2 decomposition. The sensor 
has shown a sensitivity of 4.78 C/(% v/v) in a H2O2 concentration range of 0 to 10% v/v. Additionally, no impact of 
the evaporation temperature on the sensor signal was observed and at various gas-flow rates, the sensor has shown 
only a reduced sensitivity at a low flow rate of 8 m³/h. In a following step, the sensor will be placed in a test package 
and connected to a wireless electronic board for monitoring the sterilization of aseptic packages inline. 
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